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by physicians. The prevalence of FBSE 
increased by approximately 20% over 
baseline, with self-screening by elderly 
men and women comprising the largest 
increase (Aitken et al., 2006b). The spec-
ificity of an FBSE was 86%, comparable 
to that of other routine screening pro-
cedures, for example, mammography 
(Aitken et al., 2006a). Unfortunately, the 
Queensland study could not be extended 
to the remainder of the 44 communities 
required for adequate power because of 
a lack of governmental funding, and the 
investigators could not adequately mea-
sure the effect of their intervention on 
melanoma mortality.
While the medical community 
optimistically waits for a large-scale ran-
domized study on screening to provide 
the strongest evidence, a key research 
focus must be to augment available 
evidence in the domains identified by 
the USPSTF, including potential harms 
and costs. Melanoma is generally vis-
ible on the skin at a curable phase in 
its evolution, when cure consists of a 
simple office procedure. Yet for most 
people, periodic, systematic skin surveil-
lance is not practiced—not by a clini-
cian, the patient, or the patient’s family. 
The absence of physician recommenda-
tion to perform skin exams is an impor-
tant factor. The recent broadening of the 
USPSTF’s view of relevant evidence for 
issues such as this offers a challenge to 
the research community and an oppor-
tunity to improve public health: are we 
up to the challenge of cutting melanoma 
mortality in half by providing adequate 
scientific support for broad implementa-
tion of effective early detection?
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Perp and Pemphigus: A Disease  
of Desmosome Destabilization
Meryem Bektas1 and David S. Rubenstein1,2
In this issue, Nguyen et al. demonstrate a role for Perp in desmosome 
assembly and trafficking and pemphigus IgG–mediated acantholysis, providing 
further insights into the complexity of desmosome structure and regulation.
Journal of Investigative Dermatology (2009) 129, 1606–1608. doi:10.1038/jid.2009.117
1Department of Dermatology, University of North Carolina, Chapel Hill, North Carolina, USA and 
2Lineberger Comprehensive Cancer Center, University of North Carolina, Chapel Hill, North Carolina, USA
Correspondence: Professor David S. Rubenstein, Department of Dermatology, University of North Carolina 
School of Medicine, Suite 3100 Thurston-Bowles CB 7287, Chapel Hill, North Carolina 27599-7287, USA. 
E-mail: druben@med.unc.edu
Desmosomes are multiprotein,  
polymeric cell–cell adhesion complexes
The desmosome intercellular adhe-
sive interface is formed by the extra-
cellular domains of desmogleins and 
desmocollins, single-pass transmem-
brane proteins belonging to the cad-
herin family of cell adhesion proteins. 
Other known desmosome compo-
nents include plakophilins, desmo-
plakins, and the catenin plakoglobin. 
The cytoplasmic tail of desmoglein 
binds to plakoglobin, which in turn 
binds to desmoplakin. Plakophilins 
bind to desmoplakins, plakoglobin, 
desmogleins, and desmocollins, and 
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pemphigus IgG–induced cytoskeletal 
changes in keratinocyte cultures 
(Berkowitz et al., 2005) and blistering 
in both PV (Berkowitz et al., 2006) and 
PF (pemphigus foliaceus) mouse mod-
els (Berkowitz et al., 2008). Waschke 
et al. (2006) have suggested a role for 
RhoA inactivation in regulating desmo-
some adhesion and pemphigus acan-
tholysis. Inhibitors of p38MAPK block 
RhoA-mediated effects, indicating that 
RhoA is downstream of p38MAPK in 
this acantholytic pathway. In addi-
tion to cytoskeletal changes, loss of 
desmoglein from the cell membrane 
may be one of the terminal biochemi-
cal events that lead to loss of cell–cell 
adhesion. Although desmoglein redis-
tribution following autoantibody bind-
ing was initially described by electron 
microscopy more than two decades 
ago, more recent studies have demon-
strated that PV and PF IgG binding to 
dsg3 and dsg1, respectively, triggers 
their internalization into endosomes, 
which are then targeted for degrada-
tion (Delva et al., 2008).
The study by Attardi et al. provides 
further insight into the complexity of 
desmosome structure and regulation. 
First, it adds Perp to the list of desmo-
some components as a regulator of 
desmosome assembly. Second, it sup-
ports the concept of the desmosome as 
a dynamic structure. In the context of 
studies to date (Aoyama and Kitajima, 
1999; Calkins et al., 2006; Delva et 
al., 2008; Mao et al., 2009; Patel et 
al., 1984; Sato et al., 2000), the work 
by Attardi and colleagues suggests that 
pemphigus is a disorder of desmosome 
dynamics. In this framework, Perp 
promotes desmosome assembly, and 
loss of Perp leads to defects in desmo-
some assembly, thereby sensitizing 
keratinocytes to acantholytic agents 
such as pemphigus IgG. It follows 
that agents that stabilize desmosome 
assembly could render cells resistant 
to pemphigus IgG–mediated acan-
tholysis. Thus, Attardi’s study suggests 
that manipulating proteins that regu-
late desmosome assembly/disassembly 
represents an additional therapeutic 
strategy for pemphigus.
There are likely to be other 
components and/or exogenous agents 
capable of sensitizing or desensitizing 
desmosome assembly and trafficking 
by probing Perp’s role in pemphigus 
IgG–mediated acantholysis (Nguyen et 
al., 2009). In keratinocytes they dem-
onstrate that Perp is localized to the 
plasma membrane in a pattern similar 
to the desmo somal proteins desmog-
lein 3 (dsg3) and plako globin. Upon 
stimulation with pemphigus vulgaris 
(PV) IgG, dsg3 and Perp are depleted 
from the plasma membrane and sub-
sequently colocalize with plakoglobin 
to distinct intra cellular puncta, iden-
tified as early endosomes with anti-
bodies to EEA1. These observations 
indicate that PV IgG promotes Perp, 
dsg3, and plakoglobin internalization 
into endosomes via the pathway pre-
viously described by Kowalczyk and 
colleagues (Calkins et al., 2006; Delva 
et al., 2008). Subsequent colocaliza-
tion of Perp with the lysosomal marker 
CD63 indicates that after internaliza-
tion from the membrane, Perp is ulti-
mately targeted to lysosomes. Last, 
Nguyen et al. demonstrate that PV 
autoantibodies caused a more robust 
effect in Perp–/– keratinocytes measured 
as monolayer fragmentation than in 
wild-type cells, indicating that loss of 
Perp sensitizes keratinocytes to pem-
phigus IgG–induced acantholysis.
Integrating Perp’s role in acantholysis
The binding of pemphigus autoanti-
bodies to dsg3 and/or dsg1 has been 
reported to initiate a variety of cellular 
events within the target keratinocytes 
(Aoyama et al., 1999; Caldelari et al., 
2001; Calkins et al., 2006; Delva et al., 
2008; Seishima et al., 1995; Waschke 
et al., 2005, 2006), some of which may 
contribute directly to acantholysis. For 
example, a direct role in acantholysis 
for the activation of p38 mitogen-acti-
vated protein kinase (MAPK), one of 
the earliest events induced by pemphi-
gus IgG, was suggested by the observa-
tion that p38 MAPK inhibitors block 
desmo plakin links the desmosome 
to the keratin inter mediate filament 
cyto skeleton. Complexes of this unit 
repeat structure localize into regions 
of the plasma membrane to form the 
desmo some, yielding a polyvalent 
adhesive interface. In pemphigus, 
desmoglein-specific autoantibodies 
induce the loss of cell–cell adhesion in 
the epidermis by a mechanism that is 
currently under active investigation.
Perp, a tetraspan membrane protein 
implicated in apoptosis and adhesion
Perp was originally identified in mouse 
embryonic fibroblasts as a direct p53 
upregulated gene during apoptosis 
(Attardi et al., 2000). Mouse embryon-
ic fibroblast cells express Perp mainly 
in the Golgi compartment and to a 
lesser degree in the plasma membrane. 
In contrast, keratinocytes express Perp 
mainly on the plasma membrane. 
Attardi and colleagues established a 
role for Perp in keratinocyte cell–cell 
adhesion when they demonstrated that 
Perp–/– mice die postnatally with intra-
epithelial blisters and that Perp local-
izes to desmosomes (Ihrie et al., 2005; 
Marques et al., 2006). In addition to 
the adhesion defect, Perp deficiency 
in stratified epithelia is associated with 
enhanced keratinocyte proliferation, 
demonstrating a reciprocal relation-
ship between adhesion and prolifera-
tion. Although some desmosomes form 
in Perp–/– mice, they are less numerous, 
and desmosome protein association 
and attachment to the cytoskeleton 
are defective. From their observations 
in Perp–/– mice, Attardi and colleagues 
initially suggested that Perp may be 
involved in desmosome assembly and/
or trafficking, an interpretation further 
supported by their finding of increased 
distribution of desmosome proteins 
into the detergent-soluble fraction 
of Perp–/– keratinocytes. Of interest, 
the family of proteins to which Perp 
is related includes those involved in 
receptor trafficking.
Perp in desmosome assembly, trafficking, 
and pemphigus acantholysis
In this issue of the Journal of 
Investigative Dermatology, Attardi and 
colleagues extend their previous obser-
vations demon strating a role for Perp in 
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desmosomes to the effects of pem-
phigus IgG. For example, agents that 
increase cell–cell adhesion may abro-
gate the acantholytic effects of pemphi-
gus IgG. One can envision at least two 
classes of intracellular events: (i) those 
that are directly activated by pemphigus 
IgG and that may represent part of the 
mechanism by which acantholysis pro-
ceeds and (ii) those that regulate adhe-
sion but are not directly activated by 
pemphigus IgG. Although distinguishing 
between these two classes of events will 
be important to defining in detail the 
mechanism of pemphigus IgG–induced 
acantholysis, both classes of events are 
likely to provide valid therapeutic tar-
gets for treating this disorder.
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UVB and UVA Initiate Different 
Pathways to p53-Dependent 
Apoptosis in Melanocytes
Frances P. Noonan1 and Edward C. De Fabo1
The incidence of cutaneous malignant melanoma (cMM) has more than dou-
bled in the past 25 years and continues to increase at over 3% per year across 
all age groups (Linos et al., this issue), and invasive and disseminated mela-
noma in young women has increased by almost 10% since 1992 (Purdue et al., 
2008). Early detection and excision of cMM can result in successful treatment, 
but disseminated disease is resistant to current therapies and has a very poor 
prognosis (Garbe and Eigentler, 2007). Sunlight exposure is a major risk fac-
tor for melanoma. In this issue, Waster and Öllinger investigate the effects of 
UVB and UVA on melanocytes.
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Abundant epidemiologic evidence 
exists that cutaneous malignant mela-
noma (CMM) is associated with expo-
sure to sunlight—most likely to its UV 
component (reviewed in Tucker, 2008). 
Human populations of similar genetic 
origin have a greater risk of mela-
noma when they reside in locations 
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